Memory for famous individuals was assessed by the use of a recognition test in which participants first made familiarity judgments, followed by forced-choice decisions to specific probes for identity. Patients with temporal lobe epilepsy (TLE) or excisions, 12 left hemisphere and 12 right hemisphere, and 18 control participants identified famous figures across 3 decades (1970s-1990s). Only patients with right TLE were impaired at familiarity judgments of faces; this deficit was evident only for the most recent decades. Both groups of patients, however, were impaired at naming famous faces and at providing semantic information about famous people. These findings suggest the integrity of temporal structures in both hemispheres is critical for retrieval of detailed semantic information about famous individuals.
Identification of faces and names of famous people has long been used as a measure of remote semantic memory. The use of memory probes based on individuals who were prominent in the public domain at different time periods permits an examination of the temporal gradient of remote memory impairments due to brain damage or dysfunction. One of the earliest such studies examined face recognition in patients with unilateral cerebral damage (Warrington & James, 1967) . Patients with right temporal (RT) lobe damage produced the most errors in recognizing famous faces, whereas those with left temporal (LT) damage produced the most naming errors. In another study, amnesic patients failed to identify many of the faces, even those from 4 decades prior to the test (Sanders & Warrington, 1971) , leading the authors to conclude that the remote memory deficits were of very long duration. Many subsequent investigations of retrograde amnesia have used identification of famous persons as the criterion task, occasionally in conjunction with tests of other remote semantic information, such as television programs and public events (Barr, Goldberg, Wasserstein, & Novelly, 1990; Cohen & Squire, 1981; Warrington & McCarthy, 1988) . Most of these studies require the individual to provide, by either free recall or recognition, the name of the famous person, instead of asking for an initial decision as to whether the target individual is famous (Barr et al., 1990; Warrington & James, 1967; Warrington & McCarthy, 1988 ). An issue that has not been addressed fully in this literature is whether there are important differences in the recognition process (e.g., knowledge that the person is familiar) and the retrieval of specific semantic information about the individual (i.e., what they are famous for).
One model for the processing of familiar faces that takes these different aspects of famous face recognition into account was proposed originally by Bruce and Young (1986) and expanded to include proper-name processing by Valentine, Bredart, Lawson, and Ward (1991) . This model proposes that separate systems are responsible for the initial recognition of faces and names as familiar, whereas a single conceptual system represents identity-specific semantic information (Valentine et al., 1991) . Initial recognition processes are presumed to be lateralized, as indicated by evidence that proper-name anomia is largely associated with LT lobe damage (Fukatsu, Fujii, Tsukiura, Yamadori, & Otsuki, 1999; Luchelli & De Renzi, 1992; Verstichel, Cohen, & Crochet, 1996) , whereas deficits in judging faces as familiar are associated with damage to the RT lobe (Evans, Heggs, Antoun, & Hodges, 1995; Warrington & James, 1967 ; for review, see Benton, 1980; Kanwisher & Moscovitch, 2000) . Specific semantic information about the person's identity may be preserved, because both the anomic patient and the patient with impaired face recogni-tion may be able to provide considerable semantic details about the nonrecognized individual when provided with the name (Warrington & McCarthy, 1988) . These findings suggest that although initial recognition processes may be lateralized, other identity-specific semantic information may be represented in both hemispheres.
To evaluate this idea, we administered the famous-people test to patients with unilateral temporal lobe epilepsy (TLE). Our patients had damage to the medial temporal lobe of one hemisphere characterized by medial temporal sclerosis or other structural lesions in this region or because of surgical excision for treatment of intractable seizures. Postexcision patients also had damage to lateral temporal cortex. From the model described above, it follows that right-TLE patients might be impaired differentially at recognizing famous faces as familiar, whereas those with left TLE might be impaired specifically at recognizing famous names. Different predictions can be made as to the effect of unilateral TLE on retrieval of semantic identity information. We hypothesized that if this is redundantly represented in both hemispheres, no deficit should be found for either TLE group. We also believed that if different aspects are represented in each hemisphere, an impairment might be expected with damage to either hemisphere. To examine these possibilities, we investigated both face and name recognition as well as semantic knowledge associated with the identity of the individual in question.
There is considerable evidence of material-specific impairments in learning and retention in patients with unilateral TLE or excisions but relatively little research on remote memory functioning in these patients. Barr and colleagues reported that TLE patients with damage to the LT lobe were impaired on a famous-faces test whereas those with RT lobe damage were not (Barr et al., 1990) . In their study, a naming response was required, either given spontaneously or following phonemic cues. This reliance on naming could pose a problem because LT damage (from anterior temporal lobectomy) causes an impairment in word retrieval (Bell, Davies, Hermann, & Walters, 2000; Davies et al., 1998) , and thus any deficit may be secondary to a more general retrieval failure rather than an impairment of identification. A more recent study of remote memory in patients with epilepsy, using a forced-choice questionnaire regarding remote public events, demonstrated that individuals with TLE were impaired compared with those with other epileptic foci (primary generalized, extratemporal) and healthy controls (Bergin, Thompson, Baxendale, Fish, & Shorvon, 2000) . In that study there was no effect of laterality; patients with both left and right foci were poor at retrieving remote facts. Although the semantic information required to answer questions about the public events is not equivalent to identity information for famous people, these findings can be construed as support for a common conceptual system without full redundancy of representation in each hemisphere.
The purpose of our study was to add to the literature on remote memory in TLE and, more specifically, to evaluate the Bruce and Young (1986) and Valentine et al. (1991) models of person identification (i.e., that recognition processes are lateralized, and semantic information is represented in both hemispheres). Participants made initial familiarity judgments to name and face cues. For those judged famous, the participants were asked to recognize a specific identifying fact about the individual and, for face cues, the name of the person. The recognition format allowed us to examine memory without more general name or word retrieval deficits confounding our results.
Beyond the issues of person identification, our study also has implications for a more general set of questions regarding the role of the medial temporal lobes in retrieval of remote episodic and semantic information (e.g., Viskontas, McAndrews, & Moscovitch, 2000) . In particular, the temporal gradient of remote memory loss has been a central consideration in the debate as to whether this region participates in consolidation or retrieval of information (for reviews, see Fujii, Moscovitch, & Nadel, 2000; Nadel & Moscovtich, 1997; Reed & Squire, 1998) . Accordingly, our test was constructed so that we could examine the effects of medial temporal lobe damage on recognition memory for semantic information across three decades (1970s-1990s) . Kapur, Thompson, Kartsounis, and Abbott (1999) noted that the degree of exposure to media is closely related to performance on tests of memory for news events. Because there may be a difference in media exposure between controls and patients with a chronic illness, we elected to assess this potential confound using a short questionnaire designed by Kapur et al. (1999) .
Method

Participants
Twenty-four patients with temporal lobe epilepsy or excisions participated in the study. Twelve patients had seizures originating in the RT lobe, and 12 had seizures originating in the LT lobe. In each group, 7 patients were being assessed for surgery, and 5 had already undergone surgery. All patients had documented structural damage involving the medial temporal region. In the preoperative group there was 1 case with a tumor, 2 with cavernomas, 1 with an arteriovenous malformation, and 10 with radiological evidence of medial temporal sclerosis. Cases with surgical resections involved excision of the amygdala and 1-2 cm of the hippocampus as well as a 5-7-cm excision along the lateral convexity of the temporal lobe. Three patients had pathology in additional areas independent of their seizure focus; 1 with a small region of encephalomalacia in the left occipital pole, 1 with atrophy of the right thalamus, and 1 with cavernomas in the left thalamus and insula. All patients that had undergone surgery were either seizure free postoperatively or had a 75% reduction in seizure frequency. Those tested postoperatively were seen at least 5 months and at most 8 months after surgery.
Eighteen nonneurologically impaired controls matched with the patients for age and education also participated. All participants gave informed consent in accordance with a protocol approved by the research ethics board of the University Health Network, Toronto, Ontario, Canada. Control participants had no history of epilepsy or other neurological disease. Patients and controls were all right-handed, with the exception of 1 control (L.S.). There were 12 female (7 LT) and 12 (5 LT) male patients and 9 female and 9 male controls.
Demographic information for participants, mean scores on the media exposure questionnaire, and duration of epilepsy for patients are presented in Table 1 . [Wechsler, 1981] and WMS-III [Wechsler, 1997] ) were used across patients, z scores were calculated on the basis of normative reference data provided in test manuals.
Materials and Design
Sixty pictures of famous people and 15 lures were collected (see Appendix A).
2 The choice of famous people was limited to those who were mainly prominent in only one decade. The stimulus set used comprised 20 famous people per decade (10 faces and 10 names; 1970s-1990s). Thus each data set for analysis contained 30 famous faces and 30 famous names, counterbalanced across participants.
Participants were shown 30 black-and-white pictures of famous people, interspersed with 15 pictures of nonfamous people, and participants heard 30 famous names interspersed with 15 nonfamous names. Pictures, names, and order of presentation (faces or names first) were counterbalanced across participants. Lures were chosen for their similarity (as judged by the investigators) to famous people in clothing style and picture quality.
Assessment of memory for each famous person involved three levels: (a) an initial judgment of familiarity ("Is this person familiar to you? Yes/No"), followed by (b) a probe for specific semantic information (in the form of a forced-choice question, if the participant did not volunteer the information), and (c) a naming probe for the faces (again, forced-choice if the person did not volunteer the name). Alternatives for the two-alternative forced-choice questions were designed so that participants had to know relatively specific information about the person in question. For example, in identifying an actor or athlete, the participant was required to provide (or discriminate in forced-choice) signature roles or sports. The name alternatives were of equally famous people, usually in a similar profession and from the same era. In the analyses of semantic information and naming performance, only those faces and names that were initially judged as familiar were used. Participants also answered six questions about their general media exposure, as described by Kapur et al. (1999;  see Appendix B of the present study).
Results
Participants
The groups did not differ statistically in age or education (see Table 1 ). Scores for media exposure were similar across groups, F(2, 39) ϭ 0.202, p ϭ .818 (see Table 1 ). There were no significant differences between the groups of patients (left TLE and right TLE) in seizure duration, t(22) ϭ 0.483, p ϭ .713. Table 2 contains intelligence ratings and relevant anterograde memory data from the patients. The memory measures are delayed recall of stories and figures from the WMS, which were included as part of the standard clinical test battery. One should note that the mean ratings for each group fall within one standard deviation of reference values, with only 4 of 52 scores falling below a cutoff of two standard deviation units. Thus, anterograde memory function was not dramatically impaired in the TLE patients, despite evidence of medial temporal damage in virtually all cases.
Public Figures Test
A Group (left TLE, right TLE, controls) ϫ Decade (1970s, 1980s, 1990s ) ANOVA was conducted separately for each type of information (faces or names) for the familiarity-judgment data and for the semantic questions. Naming responses were, of course, available only for targets initially presented as faces. For the semantic and name scores, an arcsine transformation was used to ensure that the variances between groups were approximately equal.
Familiarity Judgment: Famous Faces
An analysis of familiarity responses ("Yes"-"No") revealed a significant main effect of group, F(2, 39) ϭ 10.786, 1 Across the study cohort, patients in the postoperative group were administered the WAIS-R to facilitate comparison to preoperative scores, whereas those in the preoperative group were administered the newer version (WAIS-III). Information provided in the technical manual indicates that these forms are very similar, with a correlation of .93 for the Full-Scale IQ index; the average WAIS-III Full-Scale IQ is 2.9 points lower than the average WAIS-R Full-Scale IQ. Because this information is used here strictly for demographic purposes, and it is not used in any analyses, we elected to collapse across variants without adjustment in reporting these scores.
2 Test items were embedded in a larger set of faces and names: 40 additional famous individuals and 20 additional lures. We had originally intended to sample two earlier decades (1950s and 1960s) , but the majority of the study cohort was too young to be sampling information from personal experience for those earlier decades. Note. For controls, n ϭ 18; for both left temporal lobe epilepsy (L-TLE) and right temporal lobe epilepsy (R-TLE), n ϭ 12. 
Familiarity Judgment: Famous Names
An analysis of familiarity responses ("Yes"-"No") revealed no significant main effect of group, F(2, 39) ϭ 1.657, p ϭ .204, but a significant main effect of decade, F(2, 78) ϭ 14.824, p Ͻ .001. There was no significant Group ϫ Decade interaction, F(4, 78) ϭ1.010, p ϭ .407. Post hoc tests (Tukey's HSD) indicated that recall for the 1970s was lower than for the 1980s ( p Ͻ .022) and 1990s ( p Ͻ .012). There was no significant difference between the 1980s and the 1990s ( p ϭ .970). These results are shown in Figure 2 .
Semantic Questions: Famous Faces
An analysis of semantic questions for faces revealed a trend toward a significant main effect of group, F(2, 39) ϭ 2.720, p ϭ .078, and no other significant main effects or interactions. Post hoc tests (Tukey's HSD) indicated that there was no significant difference between any of the groups (control vs. RT, p ϭ .165; control vs. LT, p ϭ .122; LT vs. RT, p ϭ .988). These results are shown in Figure 3 .
Semantic Questions: Famous Names
An analysis of semantic questions for names revealed a significant main effect of group, F(2, 39) ϭ 10.100, p Ͻ .0001, and no other significant main effects or interactions. Post hoc tests indicated that controls differed from RT patients ( p Ͻ .0001) and from LT patients ( p Ͻ .017), but LT patients did not differ significantly from RT patients ( p Ͻ .386). These results are shown in Figure 4 .
Name Identification of Famous Faces
An analysis of name recall or forced-choice recognition revealed a significant main effect of group, F(2, 39) ϭ 4.544, p Ͻ .017, and no other significant main effects or interaction (see Figure 5 ). Post hoc tests revealed no significant differences between groups in either the 1970s or the 1980s but revealed that both right-TLE and left-TLE patients were impaired for the 1990s (Tukey's HSD p values were p Ͻ .0001 and p Ͻ .011, respectively).
Additional Analyses
Although not a primary focus of this article, possible differences between pre-and postsurgical cohorts can shed light on the anatomic substrate of recognition and identification processes within the temporal lobe. Given our small sample size, we elected to investigate this issue by conducting nonparametic tests (Mann-Whitney) for those instances Figure 1 . Familiarity judgment of faces. Mean scores (hits minus false alarms) for controls (n ϭ 18), left temporal (n ϭ 12), and right temporal (n ϭ 12) patients. Note that chance score is 2.5, because there were only half as many lures as famous faces. Maximum score is 10. Error bars depict standard error of the mean values. TLE ϭ temporal lobe epilepsy. Figure 2 . Familiarity judgment of names. Mean scores (hits minus false alarms) for controls (n ϭ 18), left temporal (n ϭ 12), and right temporal (n ϭ 12) patients. Note that chance score is 2.5, because there were only half as many lures as famous names. Maximum score is 10. Error bars depict standard error of the mean values. TLE ϭ temporal lobe epilepsy.
in which there was a clear impairment in the TLE patients. The first of these concerns face-recognition data for the RT group in the 1980s and 1990s. For the earlier decade, there was no significant difference between preoperative (M ϭ 3.97, SD ϭ 1.58) and postoperative (M ϭ 4.40, SD ϭ 2.30) groups (U ϭ 21.5, p Ͼ .51). For the 1990s, the same pattern was observed for the preoperative (M ϭ 4.40, SD ϭ 2.61) and postoperative (M ϭ 4.40, SD ϭ 2.47) groups (U ϭ 16.5, p Ͼ .87). A similar analysis for semantic information to name cues, collapsed across decade and patient group, yielded no effect of operative group (preoperative M ϭ 2.36, SD ϭ 0.45; postoperative M ϭ 2.21, SD ϭ 0.38; U ϭ 58.5, p Ͼ .50). Finally, naming of famous personalities from the 1990s, combining patient groups, again provided no indication of a significant difference between preoperative (M ϭ 2.30, SD ϭ 0.63) and postoperative (M ϭ 2.18, SD ϭ 0.61) groups (U ϭ 64.5, p Ͼ .75).
Discussion
Two main conclusions can be drawn from these results. First, patients with RT lobe damage are impaired at recognizing famous individuals by their faces but not by their names. Second, patients with damage to either temporal lobe are impaired at remembering semantic details and names of famous people. The absence of any significant differences between groups on the media exposure questionnaire suggests that these impairments are not attributable to differential exposure to public information.
The most prominent models of how we recognize and identify people from faces and names suggest multiple stages (Bruce & Young, 1986; Valentine et al., 1991; Young & Bruce, 1991) . These models specify that the initial recognition stage (familiarity), which precedes access to identity information, depends on material-specific processing and thus may be differentially affected by lesion laterality Figure 3 . Semantic-identity information performance for faces. Mean proportion correct for controls (n ϭ 18), left temporal (n ϭ 12), and right temporal (n ϭ 12) patients. Note that only those items that were initially judged famous are included. Error bars depict standard error of the mean values. TLE ϭ temporal lobe epilepsy. Figure 4 . Semantic-identity information performance for names. Mean proportion correct for controls (n ϭ 18), left temporal (n ϭ 12), and right temporal (n ϭ 12) patients. Note that only those items that were initially judged famous are included. Error bars depict standard error of the mean values. TLE ϭ temporal lobe epilepsy. Figure 5 . Name identification performance for faces. Mean proportion correct for controls (n ϭ 18), left temporal (n ϭ 12), and right temporal (n ϭ 12) patients. Note that only those items that were initially judged famous are included. Error bars depict standard error of the mean values. TLE ϭ temporal lobe epilepsy. (Milner, 1978; Poldrack & Gabrieli, 1998) . The selectivity of the RT region for face recognition is supported by findings from studies of prosopagnosia and neuroimaging (Tempini et al., 1998 ; for reviews see Behrmann & Moscovitch, 2001; Kanwisher & Moscovitch, 2000) . Our finding that patients with RT lesions are impaired on familiarity judgments based on faces but not names is compatible with this model.
We did not, as we had expected, find the reverse dissociation, that is, left-TLE patients showing selective impairment for name familiarity. A ceiling effect may account for the absence of a detectable difference. Inspection of the data indicated that identification failures seemed to be confined to the same few famous individuals across decades, presumably those with whom participants were least familiar. If those famous people are eliminated, what remains is a cohort of relatively easily recognized names. It is not expected that even intact individuals would recognize every person, which suggests that most of the patients may have reached a functional ceiling in our task.
Following the material-specific familiarity stage, processing continues to a single identity-specific semantic module that contains biographical information such as names, occupations, and other information that uniquely specifies an individual. Because this semantic system is shared, it can be conceived of as distributed in both RT and LT lobes. Thus, either left or right TLE might be expected to have a negative impact on retrieval of identity information, and this is precisely what we found. There are some parallel findings from other studies of patients with unilateral temporal lobe pathology. Two studies have reported impairments in patients with left and right TLE for retrieval of specific semantic information regarding famous people and events (Bergin et al., 2000; Kapur, 1999) . In addition, two cases of temporal lobe damage caused by herpes encephalitis (largely unilateral involving both medial and lateral neocortical areas) have been described by Eslinger, Easton, Gratten, and Van Hoesen (1996) . The patient with primarily LT damage was impaired at both recognition and identity decisions for familiar names, whereas the patient with RT damage showed a similar pattern for famous faces. In contrast, Barr et al. (1990) found consistent impairment only in LT lobectomy patients; patients having undergone RT lobectomy were unimpaired. Barr et al. used naming as the criterion of identification, which may have emphasized LT lobe processes, whereas we (and other recent studies) relied on recognition. This could have exacerbated the identification deficit Barr et al. found in left-TLE patients, but there is no clear explanation for the lack of impairment in right-TLE patients in their study.
These results suggest that structures in the medial temporal lobe are needed to support remote memory even of information that is not strictly episodic, such as that pertaining to famous people. With respect to this point, Westmacott, Leach, Freedman, and Moscovitch (2001) distinguished between two types of knowledge of famous people: One type is episodic and concerns personal experiences associated with a famous individual (e.g., personal experiences associated with the assassination of a political leader, such as John F. Kennedy), and the other is more purely semantic without an autobiographical component. They suggest that the former may be more dependent on medial temporal integrity. Both types may contribute to performance on our tasks. An alternative interpretation is that the deficits observed in our patients are related to damage in regions adjacent to the medial temporal lobe, such as the anterior temporal neocortex, which has been implicated in the representation of knowledge about people (Tranel, Damasio, & Damasio, 1997) . All of our postoperative patients had this area excised, and we cannot rule out the possibility of dysfunction in this region in the preoperative cases. Nonetheless, the primary site of seizure focus in our group was the medial region and, furthermore, we were unable to detect differences in performance between preand postoperative cases. Similarly, a previous study of remote autobiographical memory with the same patients revealed no differences attributable to operative status (Viskontas et al., 2000) . Thus, the data suggest that it is the typical pathology in the medial regions that is more responsible for remote memory impairments in TLE patients.
Both patients and control participants are more likely to recognize famous people in the more recent decades than in earlier ones. This is to be expected for a number of reasons: Memories from earlier decades fade with time, as is typical of forgetting; also, most participants were in their teenage years during the 1970s and therefore may not have been exposed to the media as much at that time as they would be in later decades. Alternatively, it is possible that advances in media and technology have made famous people in the 1990s, and to some extent the 1980s, much more visible to the majority of North Americans. It is interesting to note that both right-and left-TLE patients showed greater deficits in name identification for individuals who came to be famous in the 1990s than those in previous decades. The greater effect seen in this decade may be a function of the low variance in the control group for the 1990s. Alternatively, memory for recently acquired knowledge may be more dependent on episodic memory mediated by the hippocampus and related medial temporal lobe structures, whereas remotely acquired knowledge may be more dependent on semantic memory, which is mediated by the neocortex (see Nadel & Moscovitch, 1997) .
In this regard, it is interesting to compare the results of the present study on semantic memory with the results of our previous study (Viskontas et al., 2000) on episodic memory for autobiographical events conducted on the same patients. Memory for autobiographical episodes was impaired throughout life, extending as far back as early childhood, whereas deficits in semantic memory often have a distinct temporal gradient, most noticeably evident in this study in familiarity judgments for faces in the RT-lobe group and name identification in both groups. These findings are consistent with past studies on recognition memory for faces in amnesia associated with medial temporal lobe lesions (see review in Fujii et al., 2000) and with more recent neuroimaging studies on faces (Haist, Bowden, & Mao, 2001; Leveroni et al., 2000) . Taken together, the results speak to a fundamental distinction between remote memory episodic and semantic information. Whereas detailed memory for autobiographical episodes is dependent on the medial temporal lobes for as long as the memory exists, memory for semantic information, such as famous people, is dependent on the medial temporal lobes (hippocampus and entorhinal cortex) only until the information is consolidated elsewhere, a process than can take as long as a decade in humans (Haist et al., 2001; Rosenbaum, Winocur, & Moscovitch, 2001; Westmacott et al., 2001) .
One possible limitation of our study is the inclusion of both pre-and postoperative patients as one group. As noted above, we were unable to discern reliable differences between pre-and postoperative groups in cases in which there was a clear difference from controls. Nonetheless, the sample size was too small to include this as a general variable in analysis. The majority of preoperative patients in our sample (10 of 14) had hippocampal sclerosis evidence on magnetic resonance imaging; the others had obvious structural lesions in the medial temporal region. Patients with medial temporal sclerosis and epilepsy do demonstrate significant impairments on memory and language tasks prior to surgery, and there may be little postoperative decline in such patients (Davies et al., 1998; Hermann et al., 1994; Miller, Munoz, & Finmore, 1993) . For these reasons, it is not surprising that a significant difference between groups was not seen. Nonetheless, we cannot rule out the possibility of different contributions of lateral and medial temporal structures to the remote memory impairments observed here.
In summary, this study has shown that patients with unilateral TLE have difficulty remembering details about famous people, and patients with right TLE have difficulty recognizing famous faces. These findings support the Valentine et al. (1991) and Bruce and Young (1986) models of face and name processing. They also contribute to the growing literature on remote memory deficits associated with medial temporal lobe damage.
